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The effect of the diameter of an intraocular lens (IOL) implanted in enucleated porcine eyes on the intraocular pressure induced by
scleral depression was investigated. Two IOLs of 6mm and 7mm optic diameter were implanted. The intraocular pressure (IOP)
was monitored during scleral depression by a transducer placed in the midvitreous through a sclerotomy at 6 o’clock. The area
under the curve (AUC) of the IOP changes from the beginning of the indentation to the point when the peripheral retinal surface
was observed through the IOL optics was measured. The AUC was significantly larger in eyes with a 6mm IOL than in eyes with a
7mm IOL (𝑝 < 0.05). The IOP elevation at the endpoint was higher in eyes with the 6mm IOL than in eyes with the 7mm IOL.
We conclude that the AUC may represent the degree of stress induced by scleral depression. The higher AUC value with the X-60
may be because of the longer distance from the peripheral retina to the edge of the IOL optics.

1. Introduction

Small-incision cataract surgery and microincision transcon-
junctival vitrectomy have allowed combining pars plana vit-
rectomy with phacoemulsification and intraocular lens (IOL)
implantation with less time and less invasion [1, 2]. In cases
where the IOL is implanted first, the fundus visibility is
improved by the clear IOL. However, the edge of the optics of
the IOL can interfere with the observation of the equatorial
and more peripheral areas of the retina. To overcome this
limited view, scleral depression is used to observe the periph-
eral fundus [3, 4]. Scleral depression is a useful procedure;
however, considerable pressure may be required to bring the
peripheral retina and vitreous base into view. Scleral depres-
sion can be traumatic, because the eye is distorted and the
intraocular pressure (IOP) is transiently elevated. However,
the effect of scleral depression on the IOP has not been
evaluated quantitatively.

Thus, the purpose of this study was to evaluate quanti-
tatively the effects of the IOL diameter on the IOP induced

by scleral depression to observe the peripheral fundus. To
accomplish this, we implanted a pressure transducer in the
vitreous and, also, implanted IOLs into enucleated porcine
eyes. The IOP was then measured during scleral depression.

2. Materials and Methods

Combined pars plana vitrectomy, lens aspiration, and IOL
implantation were performed on 4 enucleated porcine eyes
(Figure 1). We implanted either the eternity X-60 or the eter-
nity X-70 IOLs (Santen Pharmaceuticals, Osaka, Japan) into
the porcine eyes. The diameter of the optics was 6.0mm in
the X-60 and 7.0mm in the X-70 IOL. After the core vitreous
was removed, a pressure transducer (Portable, 2-Channel,
Serial Port I/OModule, Motorola Solutions Japan Ltd, Tokyo,
Japan) was placed into the midvitreous through a sclerotomy
at 6 o’clock. Scleral depression was performed at 10mm pos-
terior from corneal limbus at 3 or 9 o’clock. Constant pressure
was delivered to the inner cylinder of a disposable 1cc syringe.
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Figure 1: Photograph of enucleated porcine eye showing the
experimental setup. After combined pars plana vitrectomy, lens
aspiration, and IOL implantation, a pressure sensor was introduced
into the vitreous cavity through a sclerotomy at 6 o’clock. Scleral
depression was performed at 10mm posterior from the corneal
limbus at 3 or 9 o’clock.
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Figure 2: A custom made system to deliver constant pressure.
Constant pressure (40mmHg)was delivered to the inner cylinder of
a disposable 1cc syringe, which was used as a scleral depressor. And
the external cylinder was held so that the tip of the inner cylinder
was just touching the sclera 10mm posterior from corneal limbus
by surgeons.

And the external cylinder was held by surgeons (Figure 2).
Physiological salt solution was used for the infusion solution,
and the bottle height of the infusion was kept at 40 cm above
the eye. To minimize the influence of the pupil diameter on
the peripheral retinal observation through the optics, enucle-
ated porcine eyes with similar pupil diameter was used. The
apparent pupil diameter (mm) through cornea was 10.92 and
11.01 in eyes with X-60 and 10.96 and 10.98 in eyes with X-70.

The intraocular pressure (IOP) was monitored during
scleral depression, in eyes with X-60, 9 times and, in eyes with
X-70, 8 times. The IOP was measured from the beginning of
the indentation to the endpoint when the peripheral retina
was visible through the IOL optics.Then the IOP values were
plotted as a function of time, and the area under the curve
was determined.

2.1. Statistical Analyses. The AUC during scleral depression
and the time from the beginning to the endpoint when the
peripheral retina were visible through the IOL optics, and the
IOP elevation at the endpoint was measured, unpaired 𝑡 tests
were used to determine the significance of the differences of

Table 1: Comparisons of the scleral depression parameters between
eye with X-60 and X-70.

IOL size AUC Δ𝑡 Δ𝑃

X-60 908.5 ± 244.1 9.8 ± 2.08 50.5 ± 4.51

X-70 303.5 ± 40.2 7.26 ± 1.11 37.0 ± 1.92

𝑝 𝑝 < 0.01 𝑝 = 0.29 𝑝 < 0.01

Each value is shown as mean ± S.E.
IOL: intraocular lens, AUC: area under the curve.

these parameters between eyes with the eternity X-60 and the
eternity X-70. A 𝑝 < 0.05 was taken to be significant.

3. Results

Representative graphs of the IOP change during sclera
depression of the eye are shown in Figures 3 and 4. The
mean ± standard error of the means (SEM) AUC was 908.5 ±
244.1mmHg sec in eyes with the eternity X-60 and 303.5 ±
40.2mmHg sec in eyes with the eternity X-70 (𝑝 < 0.01,
Table 1). The time from the beginning to the endpoint when
the peripheral retina was visible was 9.8 ± 2.1 sec in eyes with
the X-60 and 7.3±1.1 sec in eyes with the X-70 IOL (𝑝 = 0.29,
Table 1) during the sclera depression when great care was
taken to exert uniform pressure. The IOP elevation at the
endpoint was 50.5 ± 4.5mmHg in eyes with the X-60 and
37.0 ± 1.9mmHg in eyes with the X-70 (𝑝 < 0.01, Table 1).

4. Discussion

Scleral depression is used to examine the peripheral retina
and also during the shaving of the peripheral vitreous, endo-
laser photocoagulation of the peripheral retina, and dissec-
tion or removing of peripheral membranes. Although endo-
scopy can be used to avoid scleral indentation, it requires
experience and skill. Another solution to the stress on the eye
by scleral depressionmay be to perform the IOL implantation
after the vitrectomy or selecting a large diameter IOL [5, 6].
Several authors have reported that an IOL with relative large
diameter was advantageous, because the peripheral fundus
was visible during the vitreous surgery [5, 6]. With smaller
diameter IOLs, the fundus is viewed sometimes through the
optics and other times around the optics.Thus, there is a need
for continuous refocusing of the operating microscope.

The effect of the IOL diameter on the changes in the IOP
induced by scleral depression had not been evaluated. Our
results showed that the AUC was smaller and the time to
reach the endpoint was shorter with the larger diameter IOL
during scleral depression. This is probably because the dis-
tance between the peripheral retinal surface and the edge of
the IOL optics is farther in eyes with the smaller diameter
IOL, and, therefore, a deeper indentation is necessary to bring
the peripheral retina into view through the IOL optics. Our
results suggest that larger diameter IOLmay be able to reduce
the depth of scleral indentation, thereby, minimizing the
stress on the eye during scleral depression.

Our findings suggest that the AUC may be used to deter-
mine the degree of stress on the eye during scleral depression.
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Figure 3: Representative graph showing IOP changes during scleral indentation in eye with X-60 implanted. (a) Scleral depression was
performed at 10mm posterior from the limbus at 3 or 9 o’clock. (b) Scleral depression was performed so that the peripheral retina can be
seen through the optics of X-60 implanted in the anterior chamber. The markings of the graph show that the starting (arrowhead) and end
(arrow) points of the scleral depression are shown in the lower figure. (c) Graph of the intraocular pressure (IOP) as a function of time during
the scleral indentation.The area under the curve (AUC) of the IOP from the beginning of the indentation (start point) to the endpoint when
the peripheral retinal surface was observed through the IOL was measured. Abscissa axis: time (0.5 seconds/scale), vertical axis: intraocular
pressure (10mmHg/scale).

The system may also be used for surgeon’s exercise for scleral
depression.

There are some limitations in our study. Scleral depres-
sionwas performedwith great care to exert uniform pressure.
But the speed and pressure depended on the surgeon’s expe-
rience. The results showed that Δ𝑃 was significantly different
between eyes with the X-60 and eyes with the X-70 IOL but
Δ𝑡 was not significantly different. This might suggest that the
speed rather than the pressure was constant during depres-
sion. Constant pressure during scleral indentation by using a
syringe pump like system would enable more precise com-
parison of the IOP change between each indentation. Due
to the study design, the surgeon could not be masked to the
type of IOL implanted. In addition, the IOP elevation during
scleral indentation is influenced by several factors, such as the
size of the eye, the rigidity of the eye wall, the position of
the indentation, and the material filling the vitreous cavity.

We believe that similar results can be observed in the clinical
setting, because the size and rigidity of the eye of the porcine
eye are not so different from the human eye. In our exper-
iment, the scleral depression was done at 10mm posterior
from the limbus and the IOP change during indentation was
measured after core vitrectomy.These procedures are similar
to the clinical situation and care was taken to keep these
factors constant. It would be interesting to measure the IOP
change during scleral indentation when the vitreous cavity is
filled with other materials such as air, silicone oil, and
perfluorocarbon liquid or during fluid/air exchange.

Recently introduced vitrectomy system (Alcon Constel-
lation Vision System) is equipped with a pressure control
system and can maintain IOP at constant, independent of
aspiration flow rates during vitrectomy. The IOP control sys-
tem takes several seconds during the process of IOP detection
and feedback [7]. Our system measures the IOP directly
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Figure 4: Representative plot of the IOP changes during scleral indentation in eye with X-70 IOL implanted. (a) Scleral depression was
performed at 10mmposterior from corneal limbus at 3 or 9 o’clock. (b)The scleral indentationwas performed so that the peripheral retina can
be seen through the optics of a X-70 IOL implanted in the anterior chamber.Themarkings of the plotting show that the starting (arrowhead)
and end (arrow) points of the scleral indentation are shown in the lower figure. (c) Graph of the IOP as a function of time. The area under
the curve (AUC) of the IOP from the beginning of the indentation to the endpoint when the peripheral retinal surface was observed through
the IOL optics was measured. Abscissa axis: time (0.5 seconds/scale), vertical axis: intraocular pressure (10mmHg/scale).

and does not have such an inherent time lag. Sugiura et al.
reported that IOP rapidly increased to 70–100mmHg and
then slowly decreased to 30mmHg in 3.5–4.0 seconds during
scleral depressionwithout aspiration, with orwithout the IOP
control system. If the IOP change against the time can be
plotted, the AUC may be used as a parameter reflecting the
degree of stress of the eye during vitrectomy maneuvers.

In conclusion, we were able to measure the IOP during
scleral depression in enucleated porcine eyes implanted with
different diameter IOLs. Analysis of the IOP changes clearly
showed that an IOL with larger optics can minimize the
effects of the scleral indentation.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

No author has financial or proprietary interest in any materi-
als ormethodsmentioned. Support of this studywas provided
by Research Grants on Sensory and Communicative Disor-
ders from the Ministry of Health, Labor, andWelfare, Japan.

References

[1] V. Sood, R. Rahman, and A. K. Denniston, “Phacoemulsifica-
tion and foldable intraocular lens implantation combined with
23-gauge transconjunctival sutureless vitrectomy,” Journal of
Cataract and Refractive Surgery, vol. 35, no. 8, pp. 1380–1384,
2009.

[2] H. Shinoda, K. Shinoda, S. Satofuka et al., “Visual recovery after
vitrectomy for macular hole using 25-gauge instruments,” Acta
Ophthalmologica, vol. 86, no. 2, pp. 151–155, 2008.



BioMed Research International 5

[3] I. J. Constable and M. Nagpal, “Proliferative vitreoretinopathy,”
in Retina, S. Ryan, Ed., vol. 3, pp. 1807–1825, Elsevier, New York,
NY, USA, 5th edition, 2008.

[4] T. G.Murray, H. C. Boldt, H. Lewis, G.W. Abrams,W. F. Mieler,
and D. P. Han, “A technique for facilitated visualization and dis-
section of the vitreous base, pars plana, and pars plicata,” Arch-
ives of Ophthalmology, vol. 109, no. 10, pp. 1458–1459, 1991.

[5] A. Watanabe, K. Okano, T. Shibata, H. Kato, and H. Tsuneoka,
“Clinical efficacy of 7mm intraocular lens for combined pars
plana vitrectomy, phacoemulsifi cation and intraocular lens
implantation,” J-Eye, vol. 26, pp. 1413–1415, 2009 (Japanese).

[6] M. Wakabayashi, A. Imai, N. Kitazawa, D. Chiba, J. Arai, and T.
Murata, “The Merits of 7.0mm optics intraocular lens in pha-
covitrectomy,” Japanese Journal of Ophthalmology, vol. 23, no. 1,
pp. 121–124, 2010 (Japanese).

[7] Y. Sugiura, F. Okamoto, Y. Okamoto, T. Hiraoka, and T. Oshika,
“Intraocular pressure fluctuation during microincision vitrec-
tomy with constellation vision system,” American Journal of
Ophthalmology, vol. 156, no. 5, pp. 941–947, 2013.


